Recent studies indicate that aging is associated with dysfunctional changes in pain modulatory capacity, potentially contributing to increased incidence of pain in older adults. However, age-related changes in offset analgesia (offset), a form of temporal pain inhibition, remain poorly characterized. The purpose of this study was to investigate age differences in offset analgesia of heat pain in healthy younger and older adults. To explore the peripheral mechanisms underlying offset, an additional aim of the study was to test offset at 2 anatomical sites with known differences in nociceptor innervation. A total of 25 younger adults and 20 older adults completed 6 offset trials in which the experimental heat stimulus was presented to the volar forearm and glabrous skin of the palm. Each trial consisted of 3 continuous phases: an initial 15-second painful stimulus (T1), a slight increase in temperature from T1 for 5 seconds (T2), and a slight decrease back to the initial testing temperature for 10 seconds (T3). During each trial, subjects rated pain intensity continuously using an electronic visual analogue scale (0-100). Older adults demonstrated reduced offset compared to younger adults when tested on the volar forearm. Interestingly, offset analgesia was nonexistent on the palm for all subjects. The reduced offset found in older adults may reflect an age-related decline in endogenous inhibitory systems. However, although the exact mechanisms underlying offset remain unknown, the absence of offset at the palm suggests that peripheral mechanisms may be involved in initiating this phenomenon. Ó
Introduction
The burden of chronic pain among older adults is substantial, with up to 60% of adults over 65 years reporting chronic pain in large community-based samples [48] . Pain is modulated by complex endogenous systems that facilitate and inhibit pain, and an imbalance of these systems may underlie multiple chronic pain conditions [23, 25, 27, 29, 35, 42] . Prior work also suggests that diminished pain inhibitory capacity contributes to the high prevalence of pain among older adults [9, 40, 47] . Most recently, Riley et al. observed decreased endogenous pain inhibition among older compared to younger adults using conditioned pain modulation (CPM). CPM is the central inhibition of pain in a local area by a second heterotopic pain stimulus [50] .
Offset analgesia (offset) is another experimental model engaging endogenous pain inhibition [16] , whose generation and neuroanatomical pathways are distinct from those of CPM [30, 34] . Offset refers to a pronounced reduction in perceived pain intensity evoked by slight decreases in noxious temperatures compared to those of equal magnitude increases [16] . Investigators have suggested that offset acts as an inhibitory temporal sharpening mechanism that amplifies reductions in noxious stimulus intensities [51] . Niesters et al. showed that offset analgesia was present in more than 100 healthy volunteers, regardless of sex and age [35] . However, these findings are limited because the oldest cohort (60-80 years) included only 7 subjects, and offset was assessed with only 1 trial and without individualized test temperatures. Thus, more research is needed to determine whether this inhibitory process changes with age.
In all studies investigating offset, thermal stimulation has been applied to the non-glabrous (''hairy'') skin of the forearm or leg. Myelinated A-fiber and nonmyelinated C-fiber nociceptors are present in the primate hairy skin [1,44], transmitting qualitatively different neural information to the spinal cord. A-fiber nociceptors transmit discriminate aspects of pain perception (first pain), whereas C-fiber nociceptors transmit late burning pain sensations (second pain). Two types of A-fiber afferents have been identified in the primate hairy skin, A-fiber mechano-heat type I (AMH-I) and type II (AMH-II) nociceptors [44, 45] . AMH-II fibers are activated in the 43 to 49°C range and appear to be absent in the glabrous skin of primates [1, 33, 45] . No studies have explored potential anatomical site differences and contribution of peripheral mechanisms in offset. Because age-related primary afferent
